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TABLE POSITION SENSING FOR MAGNETIC RESONANCE IMAGING 

By 

Bradford W. Petot, Gordon D. DeMeester, and William H. Amor 

The following relates to the diagnostic imaging arts. It particularly relates to 
sensing the position of subject table or other movable subject support used in a magnetic 
resonance imaging (MRI) apparatus. It is to be appreciated, however, that the present 
invention will also find application in other types of diagnostic imaging scanners. 

Typically, MRI systems require a position, or motion, control system by which a 
subject is transported on a subject support into, and positioned within, the imaging volume. 
Current MRI systems employ a support or table for the subject This support travels 
horizontally through the magnet, and is driven by a motorized positioning system. In a 
cylindrical magnet the vertical position of the table-top, and accordingly the subject, is 
normally constant and the position of the table is adjusted horizontally (i.e. axially) with 
respect to the bore of the magnet. In vertical field systems the table/subject is often 
positioned both vertically and horizontally. 

Due to a desire to control the position of the subject, some MRI systems 
incorporate motion control systems having closed-loop control with feedback devices that 
are attached to a component other than the table-top. Often this is a rotary encoder 
attached to a motor shaft, drive pinion, or pulley that controls and infers the position of the 
table. Other motion systems use stepper motors, and open-loop control methods. These 
motion control systems are generally adequate for simple subject positioning and fulfill the 
needs for systems with fixed couches and simple RF coils for producing MRI images. 

For more complex imaging applications, such as SENSE imaging or applications 
during which the subject is moved incrementaUy or continuously, mechanical and control 
system errors tend to contribute to low levels of position accuracy and repeatability when 
producing MRI images. These mechanical system errors can be due to belt stretch, gear 
clearances, part wear, mechanical connections, and other factors that make position 
accuracy difficult to achieve. 

The present invention contemplates an improved apparatus and method that 
overcomes the aforementioned limitations and others. 
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In accordance with one aspect of an embodiment of the invention, an MRI 
apparatus is provided. The MRI apparatus includes a main magnet for generating a main 
magnetic field in an examination region, a plurality of gradient magnets for generating 
magnetic field gradients in the main magnetic field, a radio frequency coil for transmitting 
radio frequency signals into the examination region and exciting magnetic resonance in a 
subject disposed therein, a radio frequency coil for receiving the magnetic resonance 
signals from the subject, and a subject support for supporting the subject The MRI 
apparatus also includes a position controller for controlling the position of the subject 
support within the examination region, and a position sensor for directly measuring the 
position of the subject support. 

In accordance with a more limited aspect of the invention, the position sensor 
includes a plurality of graduated scales disposed on at least one of the subject support and a 
fixed portion with respect to the MRI apparatus and a plurality of read heads disposed on at 
least one of the subject support and a fixed portion with respect to the MRI apparatus and 
opposite the graduated scales for reading the graduated scales. 

In accordance with a more limited aspect of the invention, the position sensor 
detects an absolute position of the subject support. 

In accordance with a more limited aspect of the invention, the position of the 
subject support detected by the position sensor is used by the position controller for 
controlling the position of the subject support. 

In accordance with a more limited aspect of the invention, the position sensor 
includes a conductive strip disposed on at least one of the subject support and a fixed 
portion of the MRI apparatus, the conductive strip having a length and a variable resistance 
along the length of the strip and a contact element disposed on at least one of the subject 
support and the fixed portion of the MRI apparatus and opposite from the conductive strip 
the contact element for making electrical contact with the conductive strip, thereby 
forming an electrical circuit having an associated current indicative of the position of the 
subject support. 

In accordance with a more limited aspect of the invention, the position sensor 
includes a target disposed on the subject support and a laser source disposed in a fixed 
position relative to the MRI apparatus, the laser source for directing a laser beam at the 
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The invention may take form in various components and arrangements of 
components, and in various process operations and arrangements of process operations. 
The drawings are only for the purpose of illustrating preferred embodiments and are not to 
5 be construed as limiting the invention. 

Figure 1 showsaside view ofamagnetic resonance imaging apparatus witha 
movable subject support and a position sensor for directly measuring the position of the 
support; 

Figure 2 shows an embodiment of a position sensor; 
10 Figure 3 shows a graduated scale of a position sensor; 

Figure 4 shows an embodiment of a position sensor using a resistive encoder, and 
Figure 5 shows an embodiment of a position sensor using a laser-based encoder. 



15 



20 



25 



30 



With reference to FIG 1, an MRI apparatus 10 includes a cylindrical main magnet 
12, which is preferably superconducting and cryoshielded. The main magnet 12, and the 
housing 13 in which it is disposed, defines a magnet bore 14, or examination region, inside 
ofwhich a subject 51 is placed for imaging. The main magnet 12 produces a spatially and 
temporally constant and uniform main magnetic field oriented along a longitudinal (z) axis 
of the bore 14. Instead of a superconducting magnet, a non-superconducting magnet can 
be used. Moreover, a vertical magnet, an open magnet, or other type of main magnet can 
be employed instead of the illustrated horizontal cylindrical main magnet 12. 

The MRI apparatus also includes magnetic field gradient coils including a primary 
gradientcoil 16 and optionally a shield gradient coil 18 that cooperatively produce 
magnetic field gradients in the bore 14 for spatially encoding magnetic resonance signals, 
for producing magnetization-spoiling field gradients, or the like. Preferably, the magnetic 
field gradient coils include coils configured to produce magnetic field gradients in three 
orthogonal directions including transverse x- and y-directions. In addition to the shield 
coil 1 8, an optional cold shield 20 provides a high conductivity eddy current surface for 
residual gradient fields thus protecting the magnet coils still further away. 

A radio frequency coil assembly 22, for example a whole body coil, generates radio 
frequency pulses for exciting magnetic resonances. The radio frequency coil assembly 22 
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Z ^ ~" *•""-»■* resonance signals. Optionally, additional .oca. radio 
frequency coils or phased radio frequency coil aiTays (not shown) are included for exciting 
and/or detecting magnetic resonances at localized areas in the bore 14 

Gradient pulse amplifiers 30 deliver controlled electrical cmrents to the magnetic 
field gradren, coils 16, 1 8 lopreduce selected magnetic field ^adients. A radio frequency 
«er34,prefereblydig it al,apphes,^^ 

radio frequency coil assembly 22 to generate selected magnetic resonance excitations A 
radro frequency receiver 36 also coupled to me radio frequency coil assembly 22 receives 
magnetic resonance signals, If more man one radio frequency coil is provided (such aa a 
local cod or phased coil army), men different cods are optionally used for the magnetic 
resonance excitation and detection operations. 

A sequence controller 40 communicates with the gradient amplifiers 30 and the 
frequency trensmitter 34,0 produce selected transient or steady state magnetic 
romance configumuons in me subject to spafiaUy encode such magnetic resonances, to 
selecnve^ apoi. magnetic resonances, or otherwise generate selected magnetic resonance 
agnais characteristic of the subject The generated magnetic resonance signals are 
detected by the redio frequency receiver 36, and stored in a k-space memory 42. The 
unagmg data is reconshucted by the reconstruction processor 44 to produce an image 
representation that is stored in an image memory 46. In one embodiment the 
reconstruction processor 44 performs an inverse Fourier transform reconstruction 

The resultant image representation ia processed by a video processor 48 and can 
then be drsplayed on a user interface 49. which can be a personal computer, workstation, or 
other type of computer and can be stored thereon. Tte user interface 49 also allows an 
opemtor to communicate with the magnetic resonance sequence conuotier 40 and position 
controller 60 te select magnetic resonance imagmg sequences, modify imaging sequences, 
execute rmagmg sequences, and pretocola and so forth. Alternately, the sequence 
cautioner communicates with me position controller to coordinate motion of the subject 
support with the imaging sequence. 

The MM apparatus also includes a movable subject support 52 for moving a 
subject within the examination region. In one embodiment the subject support is a 
whee.ed table or other movable support mat is adapter. ,„ mechanically dock with me 
.msnericreaonancetaagmgappara.ua. In another embodiment, the subject support is 
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mtegrated with the MRI system and is movable therein. Regardless of the type of support 
the subject support is movable for positioning the subject within the examination region ' 

The position of the support 52 is controlled by the position controller 60. In one 
embodiment, the position controller 60 includes a motor drive and linkage to the patient 
support which controls the position of the patient support as is known by one of ordinary 
sk,U in the art Alternately, a drive pinion, pulley system, stepper motor, or the like 
controls the position of the table. 

As described more fully below, the MRI apparatus also includes a position sensor 
or encoder, 53 for directly detecting the position of the subject support with respect to a ' 
given reference frame. 

Turning to FIG 2, the position sensor 53 is shown in greater detail. In one 
embodiment, the position sensor includes a graduated scale 54 disposed on the subject 
support and first (or coarse) and second (or fine) read heads 55, 56 disposed on the MRI 
housing 13. 

The graduated scale includes two sets of gradations, a first (or coarse resolution) set 
57 and a second (or fine resolution) set 58, as shown in FIG 3. As can also be seen in the 
embodunent shown in FIG 3, the gradations of each scale are variably spaced in moving 
from left to right. For example, with respect to the coarse scale, the distance between 
gradations decreases in going from left to right along the scale. With respect to the fine 
scale, for each set of gradations between the gradations of the coarse scale, the distance 
between gradations decreases in going from left to right. By incorporating such variable 
distances between gradations, the absolute position of the subject support can be 
monitored. 

In one embodiment the graduated scale is made of a strip of polyester film which is 
attached to the subject support. Glass strips are also contemplated. 

The coarse 55 and fine 56 read heads include optical cameras which are directed at 
the coarse 57 and fine 58 scales respectively. Each read head includes an optical mask for 
detecting the graduations, lor tick-marks, of its respective scale. Accordingly as the 
graduated scales move with respect to the read heads, the read heads track the number of 
tick marks that pass the read heads. Given the distances between the tick-marks for the 
coarse and fine scales, the absolute position of the subject support can be determined from 
the signals of the read heads. 
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andU 1 esc d e S co^dbe4i S p 0S ed OT «be MWtous ^ mdteae ^ aonofthes ^ P 
support could be directly determined as described above. 

In another embodiment, only one set of gradations ami one read head is used 
In an aifemate embodiment as shown in FIG 4, a resistive position encoder is 
utihaed In .to embodiment, a conductive strip 80 with variable resistiutce along me 
length of the strip is placed on the subject support. A voltage VI is applied at for 
example end 81 of the conductive strip. A contact element 82 is disposed on the MRI 
housmg and makes electtica. comae, wim the conductive strip, thereby forming an 

electacalcimmthavmg^associa.edctm.mwhiehismeasuredbyauampme.erSS 
Aecordmgly, a, me subject support is moveu, the measured current provides m in6i ^ m 

of me posthon of ft. subjec, support. Alternate* a current is appUed «o fte circui, and 

voltage is measured as the subject support is moved. 

tomott " OTbo ^'^^wnmFIQ5,alaserbasedpositioneneoderis 
utihaed. hr tins embodiment, a Urge, 90 is placed on me subject support and a laser source 
92 ts turned a, fte target Urn faser directs a signa. at me huge, which is reflect hack to 
the laser and ta detected thereby. Tie time of travel of the signal fiom fte laser to the 
^andbackmmeh^providesanmmcationofft.positionofti^s^.jeo.aupport.m 

It is to be tmdemtood fha. rafter ftan fte linear transducers described above, rotary 
transducers are also contemplated. 

m operation, a region of interest for imaging me subject and the parameters of the 
unagtngpmfteo.arese.ec.ed. The subject is pl acod on the subject support 52 ,md the 
regton of mteres, is moved imo the examination region 14, preferably fat0 ft. isorenter of 
me mam nutgnetic fie.d. The movement of fte subject support is conttoLed by the position 

wtftrespeettoftegivenreference frame, for example a reference frame attached, o the 
MRI housing. 

'0 In one embodiment, me position of the subject support is fed from the position 

sensor 53 tome motion controller 60 to directiy contto, the movement of the support 
generated by the motion controller. 
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In another embodiment, the output of the position sensor 53 is compared to the 
target position of the motion controller 60 and an error between the two values is 
determined. This position error information is then used by the motion controller to 
correct for the error. 

5 In yet another embodiment, the position information from the position encoder 53 

is fed to the reconstruction processor for use in reconstructing images resulting from 
stationary and/or moving table imaging protocols. Here, position data is coordinated with 
the MRI image data to allow for precise measurement of image features. 

The invention has been described with reference to the preferred embodiments. 
10 Obviously, modifications and alterations will occur to others upon reading and 

understanding the preceding detailed description. It is intended that the invention be 
construed as including all such modifications and alterations insofar as they come within 
the scope of the appended claims or the equivalents thereof. 
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What is claimed is: 

1. An MRI apparatus comprising: 

a main magnet (12) for generating a main magnetic field in an examination region- 
a plurality of gradient magnets (16) for generating magnetic field gradients in the ' 

main magnetic field; 

a radio frequency coil (22) for transmirang radio frequency signals into the 
examination region and exciting magnetic resonance in a subject disposed therein; 

a radio frequency coil for receiving the magnetic resonance signals from the 
subject; 

a subject support (52) for supporting the subject; 

a position controller (60) for controlling the position of the subject support within 
the examination region; and 

aposition sensor (53) for directly measuring the position of the subject support. 

2. An MRI apparatus as set forth in claim 1 wherein the position sensor comprises a 
plurahty of graduated scales (57, 58) disposed on at least one of the subject support and a 
fixed portion with respect to the MRI apparatus and a plurahty of read heads (55 56) 
disposed on at least one of the subject support and a fixed portion with respect tothe MRI 
apparatus and opposite the graduated scales for reading the graduated scales. 

3. An MRI apparatus as set forth in claim 2 wherein the position sensor detects an 
absolute position of the subject support. 

4. An MRI apparatus as set forth in claim 2 wherein the position of the subject 
support detected by the position sensor is used by the position controller for controlling the 
position of the subject support. 

5. An MRI apparatus as set forth in claim 1 wherein the position sensor comprises- 

a conductive strip disposed on at least one of the subject support and a fixed portion 
of the MRI apparatus, the conductive strip having a length and a variable resistance along 
the length of the strip; and 
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a contact element disposed on at least one of the subject support and the fixed 
portion of the MRI apparatus and opposite from the conductive strip, the contact element 
for making electrical contact with the conductive strip, thereby fonning an electrical circuit 
having an associated current indicative of the position of the subject support. 

6. An MRI apparatus as set forth in claim 1 wherein the position sensor comprises: 
a target disposed on the subject support; and 

a laser source disposed in a fixed position relative to the MRI apparatus, the laser 
source for directing a laser beam at the target and detecting signals reflected thereby to 
provide an indication of the position of the subject support. 

7. An MRI apparatus comprising: 

main field means for generating a main magnetic field in an examination region; 

gradient means for generating magnetic field gradients in the main magnetic field; 

radio frequency transmit means for transmitting radio frequency signals into the 

examination region and exciting magnetic resonance in a subject disposed therein; 

radio frequency receive means for receiving magnetic resonance signals from the 
subject; 

subject support means for supporting the subject; 

position control means for controlling the position of the subject support within the 
examination region; and 

position sensing means for directly measuring the position of the subject support. 

8. An MRI apparatus as set forth in claim 8 wherein the position sensing means 
measures an absolute position of the subject support with respect to a fixed reference 
frame. 

9. An MRI apparatus as set forth in claim 8 wherein the position sensing means 
comprises a plurality of graduated scales (57, 58) disposed on at least one of the subject 
support and a fixed portion with respect to the MRI apparatus and a plurality of read heads 
(55, 56) disposed on at least one of the subject support and a fixed portion with respect to 
the MRI apparatus and opposite the graduated scales for reading the graduated scales. 
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10. An MRI apparatus as set forth in claim 7 wherein the position of the subject 
support measured by the position sensing means is used by the position control means for 
controlling the position of the subject support. 

11. An MRI apparatus as set forth in claim 7 wherein the position sensing means 
comprises: 

a conductive strip disposed on at least one of the subject support and a fixed portion 
of the MRI apparatus, the conductive strip having a length and a variable resistance along 
the length of the strip; and 

a contact element disposed on at least one of the subject support and the fixed 
portion of the MRI apparatus and opposite from the conductive strip, the contact element 
for making electrical contact with the conductive strip, thereby forming an electrical circuit 
having an associated current indicative of the position of the subject support. 

12. An MRI apparatus as set forth in claim 7 wherein the position sensing means 
comprises: 

a target disposed on the subject support; and 

a laser source disposed in a fixed position relative to the MRI apparatus, the laser 
source for directing a laser beam at the target and detecting signals reflected thereby to 
provide an indication of the position of the subject support. 

13. An MRI method comprising the steps of: 

generating a main magnetic field in an examination region; 
generating magnetic field gradients in the main magnetic field; 
transmitting radio frequency signals into the examination region for exciting 
magnetic resonance in a subject disposed therein; 

receiving magnetic resonance signals from the subject; 

controlling the position of a subject support within me'examination region; and 
directly measuring the position of the subject support. 



-11- 



PHUS030222USP ' 



14. An MRI method as set forth in claim 13 wherein the step of directly measuring the 
posxtion of the subject support includes measuring an absolute position of the subject 
support with respect to a fixed reference frame. 

15. An MRI method as set forth in claim 13 wherein the step of controlling the position 
of the subject support includes using the direct measurements of the position of the subject 
support. 
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ABSTRACT 

An MRI apparatus is provided. The MRI apparatus includes a main magnet (12) 
for generating a main magnetic field in an examination region, a plurality of gradient 
magnets (16) for generating magnetic field gradients in the main magnetic field, a radio 
frequency coil (22) for transmitting radio frequency signals into the examination region 
and exciting magnetic resonance in a subject disposed therein, and a radio frequency coil 
for receiving the magnetic resonance signals from the subject. The MRI apparatus also 
includes subject support (52) for supporting the subject, a position controller (60) for 
controlling the position of the subject support within the examination region, and a position 
encoder (53) for directly measuring the position of the subject support. 
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